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Introduction 
The adverse impacts of atmospheric nanoparticles on public health, climate change and urban 
visibility have attracted substantial attention of the air quality management and regulation 
authorities.  Health issues become even more critical when people living or travelling nearby its 
sources (mainly vehicles) are exposed to high concentrations. One such place is urban street 
canyons where dispersion is limited by surrounding built–up environment. Hence, it is important 
to control their emissions in the urban environment. Several street canyon studies have looked 
into factors affecting the flow and dispersion conditions of gaseous pollutants, but very few have 
considered the influence of street canyon geometries on the dispersion of nanoparticles. Such 
information is critical for nanoparticle dispersion models that are required for designing 
mitigating policies in future. 
The objective of this study is to apply a computational fluid dynamics (CFD) code FLUENT 
(using k-ε model) in a two–dimensional (2D) domain to study the flow and dispersion 
characteristics of nanoparticles in urban street canyon having four different shapes of upwind 
and downwind roofs. Different roof shapes have been selected to analyse the changes in 
distribution of nanoparticle concentrations in an idealised and more complex geometry. The 
other aim of this study is to analyse the effect of various sizes of emission sources on 
dispersion of nanoparticles, because there is no standard practise to select the source sizes 
while performing CFD simulations. 
Methodology 
Site description and measurements 
Figure 1 shows the simple schematic diagram of a street canyon (Pembroke Street, Cambridge) 
that is used for CFD simulations. Both the height (H) and width (W) of the canyon is 11.6 m. The 
length of the canyon is about 167 m. The street canyon is orientated southwest (SW) – 
northeast (NE) and one–way traffic is running from SW to NE.  
Particle number and size distributions were measured using a fast response differential mobility 
spectrometer (DMS500) in the 5-2738 nm size range. Measurements of meteorological 
parameters (wind speed, wind direction, temperature and pressure) have been taken at a height 
of 16.6 m above the road level. Detailed description of the canyon and measurements can be 
seen in Kumar et al. (2008b; 2009). 
CFD simulations  
A CFD code FLUENT is used to predict the dispersion of particle number concentrations 
(PNCs) in the selected street canyon with a combination of four types of roof tops. The flow field 
was calculated using steady Reynolds Averaged Navier Stokes (RANS) with the standard k-є 
turbulence model. The dispersion of the particles was simulated with the ‘user defined scalar 
(UDS)’ option in FLUENT. An advection-turbulent diffusion equation was solved using the mean 
velocity field from the k-є model and with a turbulent Schmidt number set to unity (i.e., the 
turbulent diffusivity was set equal the effective kinematic viscosity, also calculated by the k-є 
model). 
Computational domain and boundary conditions 
Figure 1 shows the computational domain that represents four different roof top configurations 
for the same street canyon. The canyon is considered as an infinitely long canyon to model the 
distribution of nanoparticles in cross-wind conditions. This allows us to use a 2D domain. Table 
  
Cite this article as: Abdulsaheb, A., Kumar, P., 2010. Influence of street canyon geometries on the dispersion of nanoparticles. 
18
th 
International Symposium on Transport and Air Pollution, Dübendorf, Switzerland, 18–19 May, 2010. pp. 1–6. 2 
1 explains the four different geometrical forms of the street canyon. A uniform velocity profile 
was set as a boundary condition at the inlet; a symmetry condition is assumed at the top of the 
flow domain. No slip conditions are considered at the side walls, street floor and roof in the 
upstream and downstream region of the domain. A background concentration (1.88 × 109 # m–3) 
was set at all points in the grid at the inlet. 
Emission sources 
There is no standard practice to assign the size of an emission source in CFD simulations. In 
this study, we use four different sizes of finite cross–section line emission sources with constant 
discharge on the centre-line of the canyon, as were used in our earlier study (Kumar et al. 
2009). All sources are located 0.20 m above the road level to simulate the height of the exhaust 
pipe. A description of four different sizes of emission sources is presented in Table 1. The 
strength of the sources CFD_Sa, CFD_Sb, CFD_Sc and CFD_Sd  were taken as 3.086 × 1011, 
1.79 × 109, 2.4 × 1010 and 5.99 × 109 # m-1s-1, respectively (Kumar et al. 2009). 
It should be noted that the intermediate and largest sizes of sources (i.e. CFD_Sb, CFD_Sc and 
CFD_Sd) intend to mimic the rapid dilution (in the region of the source) just after the rear end of 
the vehicle, but not the effect of traffic-produced turbulence in the rest of the vehicle wake. For 
simplicity, no extra source of turbulence is used in CFD simulations. 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Schematic diagram of computational domain representing the dimensions of 
Pembroke Street. The black triangles show the modifications to the roof tops for defining four 
different canyon geometries; the height of the triangle is 1.7m, details can be seen in Table 1. 
Hs and Ws are the height and width of the source, respectively. Note that the figure is not to 
scale. 
 
Table 1: Description of different canyon geometries used along with their associated emission 
sources. 
Source Size Canyon Roof Geometrical 
Form 
Emission 
Source Height 
(m) 
Width 
(m) 
Comments 
Emission 
Sources 
Installed 
Canyon_1 Both sides flat CFD_Sa 0.11 0.53 Smallest CFD_(Sa,Sb,
Sc & Sd) 
Canyon_2 Upwind tapered 
and downwind flat 
CFD_Sb 1.98 5.08 Largest CFD_(Sa,Sb,
Sc & Sd) 
Canyon_3 Both sides tapered CFD_Sc 0.75 1 Intermediate CFD_(Sa,Sb,
Sc & Sd) 
Canyon_4 Upwind flat and 
downwind tapered 
CFD_Sd 1.5 2 Intermediate CFD_(Sa,Sb,
Sc & Sd) 
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Results and Discussions 
Flow characteristics  
Figure 2 shows the distribution of mean velocity vectors in the selected street canyon 
geometries. One common observations from all four cases is that the mean velocity vectors 
shows an expected primary clockwise canyon vortex, with its centre being about the mid–
building height, and small recirculation zones at the bottom corners of each canyon. These 
observations are in accordance to numerous field (De Paul and Sheih 1986; Kumar et al. 
2008a) and computational studies (Huang et al. 2009; Kastner-Klein et al. 2004) that were 
carried out for a regular street canyons having an aspect ratio of about unity. The wind velocity 
is relatively slower at the centre of the vortex in each canyon compared to windward or leeward 
side walls. Interestingly, changes in the shape of roof tops do not seem to affect the presence of 
the primary canyon vortex but do appear to affect the magnitude of wind velocity flow field 
closer to pitched portion of the roofs and inside the canyon. Canyon_3 is having tapered roofs 
on both sides; the nature of canyon vortex is similar to those in other cases except the distortion 
along the sloping roofs of the building. Similar vortex characteristics were observed by Xie et al 
(2005) and Huang et al (2009) in their work for such geometries. For all cases studied with 
pitched roofs, a recirculation zone can be seen in upwind and downwind edges of the pitched 
roofs. This also influenced the wind velocity and turbulence levels (Fig. 3) at different parts in 
the canyon (Xie et al. 2005). For example, the wind velocity dramatically increases from the 
initial inlet velocity (3.8 m s–1) to the maximum of 4.3, 4.4 and 4.1 m s-1 over the pitched roofs in 
Canyon_2, Canyon_3 and Canyon_4, respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Flow distribution showing mean velocity vectors (m s-1). This figure is for a constant 
inlet velocity 3.8 m s-1. Note that high density of vectors means the grid spacing is close. 
Turbulent kinetic energy (TKE)  
The distribution of TKE is shown in Figure 3. A shear layer can be seen at the top of each 
canyon. However, the thickness of the shear layer changes with the change in canyon 
geometry. The TKE produced in this shear layer is dissipated when swept by the canyon vortex 
along the downwind side of the canyon. The dissipation rate of TKE is different for each canyon 
depending on the shape of the roof top. Canyon_1 and canyon_4 show nearly identical 
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dissipation pattern except the increased TKE along the windward tapered side where it 
increases to about 0.7 m2 s-2 from 0.1 m2 s-2 at the corner of the downwind side wall. The other 
two canyons show a different behaviour. For example, these got relatively high turbulence on 
the windward side of the canyon whereas it is nearly negligible on the leeward side. For 
example, the TKE at the top left corner of the tapered roof in Canyon_3 is about 0.5 m2 s-2 
which increased to about 0.7 m2 s-2 at the top of right hand tapered roof due to increased 
velocity and then decreasing to about 0.01 m2 s-2 at the bottom corner of windward wall. The 
above observations clearly indicate that change in rooftop geometries affect the TKE 
distributions within the canyon; this effect is largest in Canyon_3 and smallest in Canyon_1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Distribution of turbulent kinetic energy (m2 s-2) in different canyon geometries.  
Concentration distributions of nanoparticles 
Figure 3 shows the concentration distributions of nanoparticles in all 16 cases, including a 
combination of four different shapes of roof tops and four different sources. Concentration 
distributions are expected to be dependent on intensity of turbulence (i.e. larger the TKE, larger 
will be the mixing and smaller the concentrations of nanoparticles) and the strength of the 
canyon vortex. Concentration distributions follow the above described relationship with the TKE 
distributions (Figure 3) and the strength of the vortex (Fig. 1). For example, greater turbulence 
occurred on the windward wall in canyon_1 causing a rapid dilution of the nanoparticles in that 
region and resulting in smallest concentrations compared to other canyons. On the other hand, 
concentrations are relatively larger at the leeward side of the walls in this canyon due to 
reduced TKE as compared with windward walls. 
Average levels of turbulence were larger along the entire windward side of Canyon_2 as 
compared to its leeward side (Figure 3), resulting in much lesser concentrations at windward 
side. Similar patterns can be observed in Canyon_3 and Canyon_4. However, the change in the 
magnitude of concentrations is different in each canyon. For example, average concentrations 
on the leeward side of Canyon_1 at 1 m away from the wall are about 30, 60 and 40% larger 
than the average concentrations in Canyon_2, Canyon_3 and Canyon_4, respectively. 
Influence of source size on the dispersion of nanoparticles 
Figure 4 demonstrates the effect of different sizes of emission sources on the dispersion of 
nanoparticles. All the figures, irrespective of their source sizes, show the advection of 
  
Cite this article as: Abdulsaheb, A., Kumar, P., 2010. Influence of street canyon geometries on the dispersion of nanoparticles. 
18
th 
International Symposium on Transport and Air Pollution, Dübendorf, Switzerland, 18–19 May, 2010. pp. 1–6. 5 
nanoparticles number concentrations from the sources to the leeward wall. However, the 
distribution of concentrations varied with the change in height and width of the sources. The 
smallest source (CFD_Sa), lead to largest concentrations in the bottom left hand corner of the 
canyon, irrespective of any roof top shape. This is because the smallest source is close to the 
ground and hence the particles are emitted into the edge of the vortex sweeping around the 
canyon and leading to high concentrations there. In cases with larger source areas, the particles 
first accumulate one the upper leeward side corner of the source where the concentrations are 
the largest, and then advected upwards on the leeward side by the canyon vortex (Figure 4). 
Moreover, the larger sources are centred further away from the ground and emit the particles 
nearer to the centre of the vortex, leading to higher concentrations further away from the 
leeward wall. However, the effects of source sizes are relatively smaller on windward side 
compared to leeward side because of the clockwise advection of particles by the canyon vortex. 
 
 
 
Figure 4: Typical distribution of mean PNC (# cm-3) contours for 16 cases. Rectangular boxes 
represent the area of the sources. (Figure not to scale). 
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Summary and Conclusions 
This study investigated the effect of the street canyon roof shapes (e.g. flat and pitched) on 
wind flow and dispersion of nanoparticles using a CFD code FLUENT. Four different sizes of 
emission sources were used in CFD simulations to assess their influence on distributions of 
mean nanoparticle number concentrations in selected street canyon geometries. As expected, a 
primary canyon vortex was observed in all types of canyons. However, the pitched roofs 
distorted the canyon vortex close to the roof top and influenced the magnitude of wind velocity 
in the canyon. Changes in the shape of rooftops (i.e. from flat to pitch) also altered the thickness 
of shear layer and distribution of turbulent kinetic energy that in turn affected the dispersion of 
nanoparticle concentrations. It is generally expected that larger turbulence levels lead to 
increased mixing of pollutants and results in smaller concentrations. In case of a flat roof 
canyon, advection of the nanoparticles from the source towards the leeward side of the canyon 
was higher and turbulent levels were the smallest that corresponded to the largest 
concentrations close to the leeward wall as opposed to other cases with pitched roofs. Pitched 
roofs positively influenced the strength of the canyon vortex and the advection of nanoparticles 
from the source towards the leeward wall; this is clearly evident from the colour contours in Fig. 
4 as these are lighter in Canyon_2, Canyon_3 and Canyon_4 than those in Canyon_1. The 
canyon geometry having pitched roof on either side (i.e. Canyon_3) showed maximum turbulent 
kinetic energy (see Fig. 3) and corresponded to smallest concentrations. It can be concluded 
that changing the shapes of the rooftop, rather than assuming an ideal flat canyon, can affect 
the distribution of turbulent kinetic energy and concentrations. A detailed analysis of its 
quantitative impact on concentration distribution is under analysis. For all the studied cases, the 
changes in source size alter the distributions of concentrations substantially, indicating that 
selection of an appropriate source size is important in CFD simulations. The influences of 
source size on concentrations are much greater close to leeward side of the canyon compared 
to modest effect close to the windward side. These results support our previous findings (Kumar 
et al. 2009) that a source size scaling the dimension of the vehicle, not the size of the exhaust 
pipe, appears to be better representing the measured nanoparticle concentrations since this 
accounts for the effect of traffic–produced turbulence through rapid mixing in the source region. 
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